
.c ., c 

, I  

- - “ w , + v  b 

‘ i  ‘ 
(ACCESSION NUMBER) 

- 
9 
c.i 
0 
Y) 

6 z 
LL IL 

- * ’  8 

BELLCOMM, INC. 
955 L‘ENFANT PLAZA NORTH, S.W. WASHINGTON, D.C. 20024 

Case 340 FROM: W .  L .  P i o t r o w s k i  

ABSTRACT 

r‘ The v a l u e  of a two hour  l u n a r  s u r f a c e  e x p o s u r e  o f  t h e  

S o l a r  Wind Composi t ion (SWC) f o i l  to d i r e c t  s o l a r  wind impinge-  

ment i s  rev iewed.  

Assuming a s o l a r  wind f l u x  of 5x10 8 p a r t i c l e s / c m  2 - s e c ,  

a t r a p p i n g  p r o b a b i l i t y  o f  u n i t y ,  and a s o l a r - w i n d  abundance 

e q u i v a l e n t  t o  t h e  s o l a r  abundance, a two h o u r  exposure  o f  t h e  

SWC f o i l  on t h e  l u n a r  s u r f a c e  s h o u l d  p e r m i t  t h e  d e t e r m i n a t i o n  

of t h e  s o l a r  wind e l e m e n t a l  abundance of  H e ,  Ne, and A and 

t h e  i s o t o p i c  abundances o f  H e 3 3 4 ,  and A 36,38. Longer 

e x p o s u r e s  would be  r e q u i r e d  f o r  d e t e r m i n a t i o n  of o t h e r  s p e c i e s  . 
assumed t o  c o n s t i t u t e  t h e  s o l a r  wind. 
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I I. I N T R O D U C T I O N  

C u r r e n t  m i s s i o n  p l a n n i n g  f o r  Apo l lo  i s  c o n s i d e r i n g  
a one man open-ended l u n a r  s u r f a c e  EVA o f  up t o  3 h o u r s .  The 
EVA t i m e l i n e s  of t h i s  m i s s i o n  i n d i c a t e  i n s u f f i c i e n t  t i m e  f o r  
deployment of ALSEP and for complete  i m p l e m e n t a t i o n  o f  t h e  F i e l d  
Geology I n v e s t i g a t i o n .  S t u d i e s  o f  p o s s i b l e  con t ingency  s c i e n c e  
e x p e r i m e n t s  f o r  Apol lo  i n d i c a t e  t h a t  t h e  S o l a r  Wind Composi t ion 
Experiment  may y i e l d  u s e f u l  i n f o r m a t i o n  i f  s u f f i c i e n t  exposure  
t i m e  and/or  exposure  s u r f a c e  i s  a v a i l a b l e .  I n  t h i s  memorandum 
w e  examine t h e  data which could  be  o b t a i n e d  u n d e r  i d e a l  c o n d i t i o n s  
w i t h  a two hour  exposure  o f  t h e  f o i l  on t h e  l u n a r  s u r f a c e  b u t  
do n o t  c o n s i d e r  t h e  s i g n i f i c a n c e  o f  t h e  q u e s t i o n s  t h i s  in forma-  
t i o n  may answer.  

11. CONTINGENCY SOLAR W I N D  COMPOSITION EXPERIMENT 

The Solar Wind Composition Experiment  (SWC) c o n s i s t s  
o f  a 4 .5  f t 2  aluminum f o i l  app rox ima te ly  3 m i l s  t h i c k  which 
w i l l  be exposed on t h e  l u n a r  s u r f a c e  t o  t h e  assumed d i r e c t  
impingement of  t h e  s o l a r  wind. S o l a r  wind p a r t i c l e s  w i t h  
e n e r g i e s  i n  t h e  r ange  from a b o u t  3-100 Kev w i l l  be t r a p p e d  i n  
t h e  f o i l  and p a r t i c l e s  o f  h i g h e r  energy  w i l l  p a s s  t h r o u g h  i t .  
The exposed  f o i l  w i l l  b e  r e t u r n e d  t o  ea r th ,  v a p o r i z e d  i n  a n  
u l t r a h i g h  vacuum sys t em,  most o f  t h e  r e a c t i v e  g a s e s  removed 
by g e t t e r i n g  a c t i o n ,  and t h e  remain ing  g a s e s  ( m o s t l y  n o b l e  
g a s e s )  s u b j e c t e d  t o  mass s p e c t r o s c o p i c  a n a l y s i s .  The p r i n c i p a l  
i n v e s t i g a t o r s  hope t o  de t e rmine  t h e  e l e m e n t a l  and i s o t o p i c  
compos i t ion  and r e l a t i v e  abundances of  t h e  n o b l e  g a s e s  and 
o t h e r  s e l e c t e d  e l emen t s  i n  t h e  s o l a r  wind. 

I n  t h e  con t ingency  s i t u a t i o n ,  however,  t h e  ALSEP 
s o l a r  wind expe r imen t s  w i l l  not  be c a r r i e d  and t h e  SWC expe r -  
iment  w i l l  n o t  have t h e  advantage  o f  d i r e c t  comparison w i t h  t h e  
o t h e r  l u n a r  s u r f a c e  s o l a r  wind e x p e r i m e n t s .  N e v e r t h e l e s s ,  t h e  
SWC expe r imen t  w i l l  y i e l d  s i g n i f i c a n t  i n f o r m a t i o n  i f  s u f f i c i e n t  
exposure  t i m e  i s  a v a i l a b l e .  I n  o r d e r  t o  a s s u r e  t h a t  t h e  i n t e g r a t e d  
f l u x  i s  grea te r  t h a n  t h e  d e t e c t i o n  t h r e s h o l d  o f  t h e  l a b o r a t o r y  
a n a l y s i s  f o r  t h e  most abundant  i s o t o p i c  s p e c i e s  o f  t h e  n o b l e  
g a s e s  i n  t h e  s o l a r  wind ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  h a s  r e q u e s t e d  
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an e x p o s u r e  of 90 f t 2 - h r s .  T h i s  expe r imen t  i s  s u s c e p t i b l e  t o  
c o n t a m i n a t i o n  from l u n a r  d u s t  p a r t i c l e s  and par t s  of  t h e  f o i l  
on which d u s t  p a r t i c l e s  a r e  found must be  d i s c a r d e d .  T h e r e f o r e ,  
f o r  maximum s c i e n c e  r e t u r n  from t h e  r e m a i n i n g  f o i l ,  a g r e a t e r  
e x p o s u r e  t i m e  i s  d e s i r a b l e .  

Assuming a s o l a r  wind f l u x  o f  5x10 8 p a r t i c l e s / c m 2 - s e c ,  
a t r a p p i n g  p r o b a b i l i t y  o f  u n i t y ,  and a so la r -wind  abundance 
e q u i v a l e n t  t o  t h e  s o l a r  abundance,  t h e  p r i n c i p a l  i n v e s t i g a t o r  
i n d i c a t e s  t h a t  a n  e x p o s u r e  on t h e  l u n a r  s u r f a c e  o f  9 f t  -hrs  

( 2  h r s  f o r  t h e  4 . 5  f t 2  f o i l )  w i l l  p e r m i t  t h e  d e t e r m i n a t i o n  o f  
t h e  e l e m e n t a l  abundance o f  H e ,  N e ,  and A and  t h e  i s o t o p i c  abun- 
c e s  o f  He394, Ne2o321322 and A 36,38. 
abundance o f  Kr and an  e s t i m a t e  of t h e  i s o t o p i c  abundances o f  
Kr 82-86 s h o u l d  a l so  be p o s s i b l e  w i t h  t h i s  e x p o s u r e .  An e x p o s u r e  
o f  20 h r s  f o r  t h i s  f o i l  would e n a b l e  t h e  p r i n c i p a l  i n v e s t i g a t o r  
t o  a l s o  d e t e r m i n e  t h e  e l e m e n t a l  abundance o f  Kr and t h e  i s o t o p i c  
abundances of Kr 82-86 and enab le  an es t imate  o f  t h e  e l e m e n t a l  
abundance o f  Xe and t h e  i s o t o p i c  abundances of  Kr8' ,  X e  
and A 4 0 .  
unambiguously d e t e r m i n e  t hese  abundances and estimate t h e  

i s o t o p i c  abundances of Kr78 and X e  124-128y130. 
i n v e s t i g a t o r  does n o t  g i v e  a t h r e s h o l d  s e n s i t i v i t y  f o r  h i s  
l a b o r a t o r y  a n a l y s i s  for t h e  o t h e r  e l e m e n t a l  and i s o t o p i c  s p e c i e s  
assumed t o  c o n s t i t u t e  t h e  s o l a r  wind. 

2 

An estimate o f  t he  e l e m e n t a l  

129,131-136 

Cons ide rab ly  l o n g e r  exposures  would be  r e q u i r e d  t o  

The p r i n c i p a l  

111. ONE VS.  TWO SWC FOILS 

The t h r e s h o l d  s e n s i t i v i t y  of t h e  l a b o r a t o r y  a n a l y s i s  
i s  de te rmined  by t h e  con tamina t ion  l e v e l  o f  t h e  f o i l  by t e r res -  
t r i a l  n o b l e  gases.  Consequent ly ,  two f o i l s  exposed  on t h e  l u n a r  
s u r f a c e  would n o t  i n c r e a s e  t h e  s e n s i t i v i t y  o f  t h e  expe r imen t  
n o r  p e r m i t  t h e  d e t e r m i n a t i o n  of  t h e  l e s s  abundant  s p e c i e s  b u t  
would o b v i o u s l y  improve t h e  c o u n t i n g  s t a t i s t i c s .  However, t h e  
i n c l u s i o n  of  an a d d i t i o n a l  f o i l  on ly  t o  improve t h e  c o u n t i n g  
s t a t i s t i c s  does  n o t  a p p e a r  t o  b e  d e s i r a b l e  i n  t h e  con t ingency  
s i t u a t i o n .  

I n  t h e  p r o p o s a l  t h e  p r i n c i p a l  i n v e s t i g a t o r  i n f e r s  
t h a t  w i t h  an a d d i t i o n a l  f o i l  i t  may be  p o s s i b l e  t o  d e t e r m i n e  
t h e  ene rgy  of  t h e  i n c i d e n t  solar wind i o n s  by c o n t r o l l e d  removal  
of s u r f a c e  l aye r s  or by thermal re lease p a t t e r n s .  However, t h e  
f e a s i b i l i t y  o f  t hese  t e c h n i q u e s  has n o t  been  demons t r a t ed  n o r  
does t he  p r o p o s a l  s t a t e  t h e  minimum e x p o s u r e  r e q u i r e d  f o r  t h e  
a n a l y s i s .  I n  t h e  e v e n t  t ha t  t h e  t e c h n i q u e s  a r e  p roved  f e a s i b l e ,  
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and if an exposure  of 9 f t 2 - h r s  would y i e l d  u s a b l e  i n f o r m a t i o n ,  
t h e n  t h e  i n c l u s i o n  of a second SWC f o i l  might  b e  w a r r a n t e d .  

I V .  S I G N I F I C A N C E  OF DATA 

The s i g n i f i c a n c e  o f  t h e  data o b t a i n e d  from t h i s  
expe r imen t  i s  a s t r o p h y s i c a l  and p e r t a i n s  t o  t h e  moon on ly  s o  
f a r  as t h e  s o l a r  wind i n t e r a c t s  w i t h  t h e  moon. The most 
s i g n i f i c a n t  a s t r o p h y s i c a l  r e su l t s  a r e  e x p e c t e d  i n  t h e  f i e l d s  
o f  n u c l e o s y n t h e s i s ,  t h e  o r i g i n  and development  o f  t h e  s o l a r  
sys t em,  n u c l e a r  r e a c t i o n s  a t  t h e  s o l a r  s u r f a c e  and t h e  h i s t o r y  
o f  p l a n e t a r y  a tmosphe res .  

A knowledge o f  t he  compos i t ion  o f  t h e  s o l a r  wind 
may a l s o  ass i s t  i n  t h e  a n a l y s i s  o f  s e a r c h e s  f o r  t r a c e  e l e m e n t s  
of  p r i m o r d i a l  n o b l e  gases i n  t h e  r e t u r n e d  l u n a r  s amples .  It 
i s  a n t i c i p a t e d  t h a t  t r a p p e d  s o l a r  wind p a r t i c l e s  w i l l  be found 
i n  t h e  l u n a r  s u r f a c e  m a t e r i a l s  i n  a d d i t i o n  t o  t h e  p r i m o r d i a l  
gas components Although s a t u r a t i o n  e f f e c t s  and d i f f u s i o n  
l o s s e s  due to s o l a r  h e a t i n g  may a l t e r  t h e  abundances o f  t h e  
n o b l e  gases from t h e  s o l a r  wind found i n  these  materials,  t h e  
SWC expe r imen t  w i l l  a i d  i n  d i s t i n g u i s h i n g  t h e  s o l a r  n o b l e  gas 
component f rom t h e  p r i m o r d i a l  g a s  component. 

Although a two hour  e x p o s u r e  o f  t h e  SWC f o i l  on t h e  
l u n a r  s u r f a c e  would y i e l d  less  i n f o r m a t i o n  on t h e  e l e m e n t a l  and 
i s o t o p i c  abundances o f  t h e  s o l a r  wind t h a n  a somewhat l o n g e r  
e x p o s u r e ,  t h e  expe r imen t  n e v e r t h e l e s s  would c o n t r i b u t e  new and 
un ique  data  on t h e  composi t ion  o f  t h e  s o l a r  wind.  

V. DEPLOYMENT 

The SWC f o i l  i s  a r e c t a n g u l a r  sheet  approx ima te ly  
15x43 i n c h e s  and abou t  3 m i l s  t h i c k  backed  by a n  open n e t  
f a b r i c  o f  T e f l o n  or Nylon f o r  r e s i s t a n c e  to t e a r  d u r i n g  deploy-  
ment. A s t a f f  and y a r d  arrangement  would be used  t o  deploy  
t h e  f o i l  and t o  m a i n t a i n  t he  f o i l  p e r p e n d i c u l a r  t o  t h e  s o l a r  
wind.  For outbound s towage t h e  f o i l  i s  r o l l e d  and f i t s  i n t o  
a h o l e  i n  t h e  ALSEP t o o l  c a r r i e r  1 5  i n c h e s  deep and 1 1 / 4  i n c h  
i n  diameter .  There a r e  no s towage c o n s t r a i n t s  f o r  t h e  f o i l  
on t h e  outbound f l i g h t .  Consequent ly ,  i f  t h e  t o o l  c a r r i e r  i s  
d e l e t e d  from t h e  f l i g h t ,  t h e  SWC f o i l  can  be  s towed anywhere 
s u f f i c i e n t  space i s  a v a i l a b l e .  

After  exposure  on t h e  l u n a r  s u r f a c e  t h e  f o i l  i s  r o l l e d  
and r e t u r n e d  t o  e a r t h  a l o n g  w i t h  exposed  f i l m  i n  f i l m  c a s s e t t e s .  
S i n c e  t h e  f o i l  c o u l d  be contaminated  by l u n a r  d u s t  which 
has a l r e a d y  been s a t u r a t e d  w i t h  t h e  n o b l e  gases,  c a r e  must 
be t a k e n  t o  a v o i d  t h i s  s o u r c e  o f  c o n t a m i n a t i o n .  



BELLCOMM, INC. - 4 -  

. 
I 

The l a u n c h  we igh t  of t h e  SWC Exper iments  i s  1 . 0  l b s  
and t h e  r e t u r n  we igh t  i s  0 . 2 0  l b s .  MSC estimates 15 m i n u t e s  
of EVA time f o r  deployment and r e c o v e r y .  

V I .  CONCLUSION 

A two h o u r  exposure  on t h e  l u n a r  s u r f a c e  o f  t h e  SWC 
f o i l  s h o u l d  e n a b l e  t h e  p r i n c i p a l  i n v e s t i g a t o r  t o  d e t e r m i n e  t h e  
s o l a r  wind e l e m e n t a l  abundances o f  H e ,  Ne, and A and  t h e  
i s o t o p i c  abundances o f  H e 3 s 4 ,  Ne 20,21,22 and A 36,38. 
of  t h e  e l e m e n t a l  abundance o f  K r  and an estimate o f  t h e  i s o t o p i c  
abundances of  K r  82-86 may also be  p o s s i b l e  w i t h  t h i s  e x p o s u r e .  

i n v o l v e m e n t ,  small  r e t u r n  w e i g h t ,  and u n i q u e n e s s  o f  t h e  data, 
t h e  SWC Experiment  i s  a p r ime  c a n d i d a t e  f o r  i n c l u s i o n  on a n  
Apo l lo  con t ingency  s c i e n c e  package. 

An estimate 

Because of i t s  t e c h n i c a l  s i m p l i c i t y ,  minimum a s t r o n a u t  

2015-WLP-kse 
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